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Abstract (English) 
 
Accurate evaluation of paddy field and related land cover use is primarily important for 
monitoring food production conditions in Bangladesh. Also, small- scale agricultural systems 
called homestead agroforestry and diversification in crop- growing patterns such as single, 
double, triple cropping are effective means toward improving rice production. In view of the 
shortage of reliable land, socio-economical statistics is important with the combined use of 
Landsat and MODIS satellite data is proposed and demonstrated in this thesis. By analyzing 
satellite and related information were implemented for rice-producing five districts of Pabna, 
Manikganj, Sherpur, Sylhet, and Gazipur. Landsat imagery provides the high-resolution 
capability of 30 m though its infrequent revisiting of 16 days often makes it difficult to obtain 
cloud-free images. In this work, Landsat images in January, corresponding to relatively dry 
winter season, are exploited for investigating land cover changes in Gazipur for the years of 
2001, 2005, and 2009. The image segmentation and subsequent unsupervised classification of 
Landsat data, with the help of digital elevation model and detailed comparison with ground 
truth observations, indicate which concurrently, with the extent of time, paddy area raised 
from 30% to 37% at the expense of the decrease in forest land cover, from 14% to 3%, which 
is an alarming trend in view of sustainable development. The 8-day composite images of 
MODIS data, on the other hand, are useful for achieving near cloud-free surface observations 
even for sub-tropical setting, though its resolution of 250 m is rather coarse. From the 8-day 
composite data, the normalized different vegetation index and its seasonal variation are 
analyzed for studying land covers in the five districts in two periods of 2001- 2003 and 2011-
2013. As an approval of these outcomes, the progressions distinguished in Gazipur are 
contrasted and those beforehand gotten from the examination of Landsat data. The MODIS 
analysis has revealed that in the ten-year period, paddy field fraction decreased in Pabna. 
Manikganj, and Sherpur districts, while it increased in Sylhet and Gazipur. The phenological 
analysis, on the other hand, has indicated that the double rice cropping exhibits a high fraction 
of 73% in Pabna, whereas single cropping area at 46% is still the majority in Gazipur. In 
Pabna, Manikganj, and Sherpur district paddy reduced by 10%, 2%, and 5%, individually, 
however, a striking addition of 12%, 2%, and 7% was found in homestead, which is turning 
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out to be more essential for better management of small-scale agroforestry. As a whole, this 
work has revealed that the combination of high- and moderate-resolution of satellite data, 
with the help of ancillary data, is useful for detailed and stable monitoring of agricultural land 
coverage even for a sub-tropical country such as Bangladesh. 
 
Abstract (Japanese) 
 
 
バングラデシュにおける食料生産の監視に当たっては、水田とそれに関連する 土
地利用の評価が重要である。本論文では、Landsat  と MODIS 衛星データおよび 
関連するデータを活用し、同国における 5 つの主要な米作州での解析を実施した。 
比較的乾燥した冬季モンスーンに相当する 1  月の Landsat  画像を用いて、2001 年 
から 2009 年にかけての Gazipur 州での土地被覆変化を調べた。分解能 30 m の 
画像の教師なし分類と標高モデルおよび現地調査データにより、水田と小規模 農
林地の増加が認められた。この変化は森林域の減少に付随して起こっており、 首
都に隣接する同州における都市域の増加と合わせて、持続可能な開発の 観点から
は懸念がもたれる状況が明らかになった。MODIS  の 8 日間の雲除去合成画像を
用いて、5 つの州について 2001-2003 年と 2011-2013 年の期間にわたり、 正規化
植生指標とその季節変化を解析した。この 10 年間において、Pabna、 Manikganj、
Sherpur の 3 州では水田面積が減少し、Sylhet と Gazipur の 2 州では 増加した。
植物季節の解析から Pabna 州では 2 期作が、また、Gazipur では 1 期作 が主要な
割合を占めていることが明らかになった。本研究によって高・中分解能 の衛星デ
ータを組み合わせて活用することにより、バングラデシュのような熱帯 域であっ
ても詳細で安定した農林業土地被覆の作成が可能であることを明らか 
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にした。 本研究で得られた知見は、 同国における適正な農地利用管理の目的 
に有用である。 
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Chapter 1: Introduction 
 
1.1 Land utilization in Bangladesh: 
 
 
In Bangladesh, the land is known to be the most fundamental natural resource, supporting 
its economy. Land cover is the bio-physical cover on the earth’s surface containing trees, crops, 
bare soil, or other structures. Land use refers to agroforestry, agriculture, urban settlement, etc. 
that humans do on the landscape; can be monitored through remote sensing. Particularly in a valid 
land cover type, the preparation, action, arrangement and data that are used by individuals are 
known as land use (FAO, 2000). In short, land use is the accumulation of land cover and land 
utilization (Di Gregorio and Jansen, 1998). 
In Bangladesh, the population was 139.8 million in 2005 is anticipated to be 151.61 million 
in 2011 (BBS, 2006). In such a thickly populated country, intensive land use system has been 
developed in the form of agroforestry where trees, shrubs, crops and other components are 
coexistent. Agroforestry is practiced on various farms, homesteads, forest lands and so forth 
(Haque, 1994). At the landscape scale, agroforestry is progressively known for its natural and 
financial collaboration (Schroth and Sinclair, 2003). Around 1.2 billion poor individuals depend 
on the outcomes of agroforestry (IPCC, 2000). To lessen the food gap, homestead agroforestry 
can play a role for diversified food production (Azim et al., 2007). For improving the living 
environment, homestead has a significant importance in both rural and urban areas where fruit, 
ornamental and multipurpose trees are produced (Hocking et al., 1989). Therefore, agroforestry 
practices that have come to age from the past will be encouraged as tools for the multi- 
dimensional and optimized use of land, economic development, and environmental sustainability. 
Due to anthropogenic or natural causes land cover changes tend to occur (Zhu et al., 2014). 
Anthropogenic effect of LULC changes is higher than the changes caused naturally (Walker R., 
2001; Giri C.P., 2012). Decrease in productive land occurs because of unplanned or inadequate 
rural infrastructure development, growing urbanization, industrialization, etc. The level and extent 
of land degradation vary seasonally and yearly. It was noted by FAO, 2007 that 56% is cultivated 
land, 10% forest, 14% inland water, 19% villages, and 1% built-up area. In 2008, 52.5% of area 
belongs to the cultivated land, 9% inland water, 17.5% forest as well as  
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5.1% developed area, according to BBS, 2009. The forest environment is generally considered to 
be essential for the existence of the local population. In 2001-2002 and 2008-2009, forest 
coverage was 6365 and 6420 thousand acres, respectively. Around 5% of GDP is contributed by 
forestry (BFD, 2005). The concept of agroforestry includes practices such as deforestation and 
cultivation of crops and afforestation in and around the crop field (Haque, 1996). Woody 
perennials (trees, bushes, palms, bamboos, and so forth) are utilized for producing wood and other 
tree products, and temporal as well as spatial management in association with crops and/or 
livestock, around the residence that can provide various profits from the same unit of land 
(ICRAF, 1993; Raintree, 1984). Carbon is sequestrated by different land management techniques 
or agroforestry that can help to reduce the greenhouse gases. To manage global warming, carbon 
sink is crucial (IPCC, 2001) as reduction of forests are high. Different ecosystem services that are 
locally valued like soil erosion control or sedimentation can be generated through carbon 
sequestration; reforestation and afforestation (Scherr et al., 2004). Therefore, with other factors 
carbon sequestration may have positive effect towards environmental conservation and high 
opportunities especially for developing country in terms of economic development (UNEP, 2004; 
Rosa et al., 2003). 
Following the above consideration, agroforestry can be an essential part as area-use 
framework where the benefits for farmers have been identified as twofold: one is to improve their 
homestead and reduce pressure on resources; two is to amend energy security and constraints in 
agricultural productivity and avert deforestation and biodiversity loss. Under the present context 
of high population density and decrease in the available land area, the advantage of agroforestry is 
being re-affirmed today. Only well planned and integrated land use systems combining 
agroforestry components (tree, crops, etc.) can lead towards sustainable livelihoods over the 
coming years. Furthermore, more than 80% area is under agroforestry in particular that is widely 
spread in Southeast Asia as well as Central and South America (Zomer et al., 2009). To overcome 
uncontrolled development, quality of environment and loss of agricultural land, land use and land 
cover has become significantly important for the nation. 
 
1.2 Food production in Bangladesh: 
 
 
Currently, Bangladesh is the sixth largest producer of rice in the world. In agricultural land 
use, 77% is devoted to rice production (http://irri.org/). It was reported by FAOSTAT in 2014 that 
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the entire arable land used for rice production was 1395 million ha. In Bangladesh, rice was 
grown in more than 11.7 million ha in 2013. Because of the dense population, per capita land is 
the lowest in the world estimated at around 0.12 ha (FAO, 2001). 
In the concept of food security, rice production is important for the country’s economy 
which covers 81% of the entire cropped area (BBS, 2010). The World Food Summit (1996) stated 
that the complex nature of food security includes food availability, accessibility and utilization 
with stability. In Bangladesh, from the 1970s to 2009, the nutrition situation advanced with time 
from 1800 to 3055 kcal per capita energy supply (BBS, 2010). In 2001-2002 total cropped area 
(thousand ha) was 14194 whereas in 2008-2009 it had increased to 14412; the current fallow (not 
cultivated land) increased from 1005 to 1171, becoming higher than net cropped area that dropped 
from 19824 to 19621. The cropping intensity developed up to 2.02% from 2001 to 2009. Because 
of the subsistence character of agriculture during a cropping year, land is used several times by 
farmers. Therefore, rice cropping patterns are influenced by three sorts of rice (Oryza sativa 
subsp. indica); Aus, Aman, and Boro which are the essential rice types generally developed in 
Bangladesh. On the basis of a BBS report in 2009, 1.07, 5.48 and 4.72 million ha expanded by 
these three types of rice. Four hybrid varieties with 67 high yielding varieties (HYV) of rice were 
developed by BRRI (Bangladesh Rice Research Institute); that cover approximately 80% of the 
total rice areas and almost 91% of the total rice production for Bangladesh (BRRI, 2014). 
The growing and harvesting seasons of Aus are (April-May and July-August), Aman (April- 
May and November-December) and Boro (December-February and April-May). In 2000 and 2009 
the arable area were 8.38 and 7.56 million ha; rice area was 10.8 and 11.35 million ha and yield 
was 3.48 t/ha and 4.20 t/ha respectively (http://ricepedia.org/bangladesh). In 2000-2001, 75% of 
the cultivable area was planted with rice (SDNP 2001), which in 2008 increased to 79.4% (FAO 
2008). It is stated by Sattar (2000) that under the cultivation scheme, 76.7% of the area is 
completely occupied by rice. In 2008-2009 rice production was 43.8 million tons for the three 
types wherein percentile it was 48% for Boro, 42% for Aman and 10% for Aus rice with 179% 
cropping intensity (BRRI 2011). Due to the double or triple cropping, 90%, 25%-30% and 50%- 
55% were occupied by Boro, Aus, and Aman in terms of area coverage respectively 
(http://brri.portal.gov.bd/). Furthermore, 23.5% was contributed by agriculture for the total gross 
domestic product in 2009-2010 (BEI 2012). 
In 2010-2011, 35.0 million metric tons accomplished with a gross engendered of wheat and 
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rice (BER, 2011) in a day imperatively for every capita taking 453.6 gm for the number of 
inhabitants in 148.69 million, which possibly settled the nation's essential of 24.62 million metric 
tons. 71% share is dominated by rice in the context of gross output amount with other crops 
(http://www.apipnm.org/swlwpnr/reports/y_sa/z_bd/bd.htm). Gross cropped area 77% and food 
grain production 95% is significantly utilized by rice (BARC, 2011). Previously, Aman rice 
represented around half of the total rice for the nation (Rashid, 1994). In Bangladesh, due to biotic 
and socio-economic constraints for the Boro and Aman seasons, the rice yield gap is about 0.9 and 
1.3 tons ha-1 respectively. 
 
Table 1: Production of rice and annual change with time. 
 
a)   Yield (t/ha) for rice (modern + local sort) 
Year Aus Aman Boro 
2001-2002 2.01 + 1.14 2.38 + 1.41 3.20 + 1.75 
2005-2006 2.09 + 1.28 2.35 + 1.48 3.5 + 1.99 
2009-2010 2.03 + 1.17 2.49 + 1.48 3.74 + 1.99 
b)  Annual change in rice production (%) 
2007-2008 5.9 
2008-2009 8.2 
2009-2010 2.1 
2010-2011 4.9 
Source: a) BBS 2010 b) DAE 2011 
 
During 2001-2010, Boro production was comparatively higher than Aus and Aman and 
annual change fluctuated in different years (Table 1). Later, during the harvesting season, Boro 
rice production was 41.73% whereas Aus and Aman were 9.87%, 48.40% in 2011-2012 
respectively (http://www.riice.org//mapping-forecasting). More recent data (BBS, 2012) indicate 
that 2.236, 4.107 and 1.485 million ha regions of the country are utilized for single, double, and 
triple cropping, respectively since Bangladesh is endowed with rich soils equipped for significant 
return. Single, double, and triple-cropping areas were 2.75, 3.92, and 1.28 million ha respectively 
among the total cultivated areas, in the year of 2005-2006 (BRRI, 2006). 
With the time period, the percentage of agricultural land area (except trees) in 2001, 2005, 
2009, 2011 and 2013 were 72.2, 71.5, 71.0, 70.1 and 70.0% in Bangladesh 
(http://data.worldbank.org/indicator/AG.LND.AGRI.ZS). Eventually, among different issues, 
food security can be considered as climate change, water, disaster management, agriculture, 
disaster risk reduction and energy as priority needs for sustainable improvement in Bangladesh 
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(Rio+20, 2012). Due to high sedimentation rate, climate change is influenced that impact on 
economic and social factor (World Bank Report, 2001) and the ecological condition in the context 
of LULC. In time, with ongoing lifestyle patterns, human overpopulation is one of the imperative 
issues for sustainability. The reason is a combination of the absence of sustenance, low salaries, 
poor individuals and so forth. 
Consequently, urbanization and infrastructure development causes loss of available land. 
Therefore, in the floodplain regions land sorts are changing, resulting rural infrastructural 
advancement (USAID, 1991); meanwhile, it tends to be a potential cause of environmental 
degradation that caused the effect of industrial effluents and reduced the rice production  
(Setyorini et al., 2002). Moreover, the economy must develop quickly on a practical basis by ideal 
use of natural, human and different sources to meet the developing definitive authority of the huge 
population and to adapt the destruction of common disasters. Andriesse, (1982) stated that 
irrigation and flood control development including drainage projects causes changes in land types 
in the Ganges and Brahmaputra in Bangladesh. Due to the intense impact of flood on land 
management, the land types have been labeled on the intensity and time period of flooding (FAO- 
UNDP, 1988). 
Because of increasing population pressure on land; human interference, inadequate crop 
management practices etc. are the prime issues. The country in this way stresses on economic 
improvement. That is why if the natures major ecological components like air, water, area and 
biota are restored in a maintainable way, it would expand economic activities. For this, to sustain 
higher economic advancement and improve living standard, the country along these lines ought to 
give more attention to the restoration of environmental factors towards ecologically sustainable 
development. Therefore, monitoring evaluation and implication of environmental issues are the 
fundamental necessity to ensure sustainable advancement for Bangladesh. Monitoring the land 
cover change is inferred by the land cover statistics in different parts of the nation; for such LULC 
change monitoring satellite image analysis is necessary.  
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1.3 Role of satellite remote sensing: 
 
As a useful technique, remote sensing has widely been applied in agroforestry, agriculture, 
forestry, land use, crop dynamics etc. Therefore, remote sensing is appropriate to the spatial data 
in a convenient manner that can help change detection and phenological investigation of 
agroforestry (Kamimura and Rinny, 1998) and agricultural land use. Getting hold of the data for 
an object or phenomenon utilizing devices without truly being in contact with the remote target 
under investigation is known as remote sensing (Teillet et al., 2001; Campbell, 2002; Lillesand et 
al., 2008; Chuvieco et al., 2009; Langford and Bell, 1997). In Bangladesh, various scientists have 
directed examinations that are identified utilizing satellite imagery for monitoring land use and 
land cover (LULC). Earlier in 1985-1986 and 1992-1993 utilizing NOAA AVHRR satellite 
information, real land cover sorts and their progressions were observed (Giri et al., 1996). 
For checking the vegetation conditions in Bangladesh, Normalized Difference Vegetation 
Index (NDVI) was utilized as a valuable index in the time from 1984 to 1985 with AVHRR 
channels of 1 and 2 (Ali et al., 1987). Likewise, Landsat Thematic Mapper (TM) was used to 
detect the development in the southwest (Sundarbans) part of Bangladesh from 1989 to 2000. 
Additionally, maximum likelihood and sub-pixel classification were utilized (Emch et al., 2006). 
Similarly, the increase in developed regions in Dhaka from 46% to 58% amid 2009-2019 is being 
assessed and anticipated with the multi-layer perceptron Markov model with the utilization of 
Landsat (Ahmed et al., 2012). Therefore, it can be seen that the remote sensing technique is useful 
in the context of data processing, clarification, facts and images (Chuvieco et al., 2009). Finer 
resolution is useful for agricultural applications. In terms of spatial resolution, the immediate field 
view of the sensor that stands for the size of the area in where the sensor gets the energy instantly 
(Mather et al., 2009). Thus, better resolution can separate the object of the image (Sabins, 1997) 
in which it is closely related to image resolution. As a consequence, for the different frequency 
bands, satellite can record and reflect the ground object in various wavelengths (Janssen et al., 
2001; Schowengerdt et al., 2007). Therefore, the more precise the width of the observed 
wavelengths, the more specific features can be achieved. In the context of temporal resolution, 
Mather (2004) recommended that frequency is needed for the imaging of the identical ground area 
at the similar viewing angle by the same sensing system. After a while, in the radiometric 
resolution, the sensor is able to separate the number of unlike densities of radiation. Eventually, 
high quantization levels allow more radiometric features to be collected by the sensor (Mather, 
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2004; Kerle et al., 2004). 
Various observational studies have been conducted in which the satellite- information from 
Moderate Resolution Imaging Spectroradiometer (MODIS) data were implemented for mapping 
rice regions (Jing-feng et al., 2001; Zhang et al., 2003; Sakamoto et al., 2005; Xiao et al., 2005, 
2006; Delbart et al., 2006; Soudani et al., 2008; Konishi et al., 2007; Yang et al., 2008; Shiu et  
al., 2012; Nguyen et al., 2012; Lee et al., 2012; Rahman et al., 2012; Gumma et al., 2014; Singh 
et al., 2014). Apart from the quantitative studies previously discussed, some predicated methods 
have been developed (Peng et al., 2011; Lee et al., 2012; Lallianthanga et al., 2013) for mapping 
paddy rice zones generated from remote sensing data. Moreover, remote sensing can extract 
cropping season dynamics over a sizable geographic region as images. In this research SRTM, 
Landsat and MODIS satellite data were used in an effective way to achieve the purpose. 
 
1.4 SRTM: 
 
 
From NASA's Shuttle Radar Topography Mission (SRTM), the highest resolution 
topographic data developed was released worldwide in 2000, declared by the White House on 
September 23, 2014 in New York, United Nations Heads of State Climate Summit. The regions 
outside the United States, for public release at 3 arc-seconds, that is 1/1200th of a degree of 
latitude and longitude, or about 90 meters (295 feet), was sampled by the SRTM data. With a full 
resolution of the original measurements, and a 1 arc-second or about 30 meters (98 feet) the new 
data are being released. With the announcement in September 2014, data for Africa and its 
surrounding areas were released. 
Islands in the Eastern Pacific Ocean, all of South and North America and most of Europe 
were in the release of November 2014. However, continental Asia (including India), Australia, 
islands of the western Pacific, New Zealand, most of the East Indies are within the latest release in 
January 2015. As a whole or a portion of it, the computerized representation of earth's surface or 
territory state is usually called the Digital Elevation Model (DEM) (Bolstad et al., 1994). 
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1.5 Landsat (TM and ETM+): 
 
 
Landsat has the longest run record of landscape that has ever been reported. The Landsat 
Thematic Mapper (TM) sensor was transported on board; Landsat 4 and 5 from July 1982 (Figure 
1) to May 2012 with a 16-day repeat cycle, according to the Worldwide Reference System-2. 
Landsat TM information records were made of seven spectral bands followed by the similar 
spectral characteristics with Landsat 7 ETM+ that was launched in July 1999 with a 16- day 
repeat cycle (Table 2). Also the thermal infrared band 6 that was obtained at 120 m was later 
resampled to 30 m. 
Likewise, Landsat 7 ETM+ images are referred to the Worldwide Reference System-2; 
found with eight spectral bands, where 1 to 7 are 30 m and the band 8 (panchromatic) has a spatial 
resolution of 15 m. Moreover, Landsat 7 scenes are collected from May 30, 2003, although with 
information gaps because of the Scan Line Corrector (SLC) failure. SLC-off categorizes Landsat 
7 scenes acquired after this date. Due to the malfunction in the Scan Line Corrector (SLC) 
assessing long-term changes, Landsat (ETM+) images have information gaps (Chander et al., 
2009) and as a result, ~22% of the scene area has been lost (Storey et al., 2005). Even with these 
data gaps, for land use and land cover change (LULC) studies, a variety of gap-ﬁlling and dense 
time stack approaches, Landsat 7 imagery is still widely utilized (Hilker et al., 2009; Huang et al., 
2010; Schneider, 2012; Castrence et al., 2014). 
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Figure 1. Various Landsat imagery at a glance. 
Source: (http://landsat.usgs.gov/about_mission_history.php) 
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Table 2.   LANDSAT satellite sensor specifications. 
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1.6 MODIS: 
 
MODIS (Moderate Resolution Imaging Spectroradiometer) satellites of NASA (National 
Aeronautics and Space Administration) are noteworthy instruments on board with the Terra (EOS 
AM-1) and Aqua (EOS PM-1) illustrated in Table 3. In addition, Terra and Aqua are viewing the 
complete Earth's surface every 1 to 2 days, getting information in 36 spectral bands, and a number 
of wavelengths aggregately. On 18 December 1999, the first MODIS Terra flight instrument was 
dispatched and the first Aqua was on 4 May 2002. Thus, the orbit of terra satellite around the 
earth are in a descending mode (i.e., north to south) and obtains information from around 10:30 
am neighborhood time; and the Aqua satellite acquires information around 1:30 pm nearby time in 
an ascending mode (i.e., south to north) (Justice et al., 1998; 2002). 
Moreover, for the earth perception, MODIS images have turned out to be extensively 
utilized for the moderate spatial resolution of 250 to 1000 meters. Also, MODIS consists of a 250- 
m spatial resolution in red and NIR bands while the red band is more sensitive to chlorophyll and 
is totally retained at lower vegetation fixations than ETM+ red bands (Huete et al., 1999). 
Furthermore, the red channel is consumed by chlorophyll and has a tendency to be completely 
absorbed in moderate levels of chlorophyll. 
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Table 3.  MODIS satellite sensor specifications. 
 
Figure 2. The MODIS sinusoidal grid comprises of 460 non-overlapping tiles which measure 
around 10° x 10°. Data from an example tile (in the right image, tiles h25v06 and h26v06 
covering Bangladesh, derived from MOD09Q1). 
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1.7 Research objectives: 
 
The present research endeavors to examine the land use and cover change utilizing high 
spatial resolution Landsat data that was used for Gazipur region in 2001, 2005 and 2009. 
Likewise, utilizing MODIS data for 2001-2003 and 2011-2013 with a specific goal of  
categorizing the land cover by its potential use in terms of agroforestry (Homestead) and 
especially paddy, forest in Pabna, Manikganj, Sherpur, Sylhet, and Gazipur; urban category is 
made only for Gazipur since it is close to the capital city experiencing rapid urbanization. 
Furthermore, the research aims to extract the paddy cultivation features particularly in view of the 
phenology information and cropping pattern identified using MODIS data. 
 
 
The main purpose of this research is as follows: 
 
 
1. To find out about the land cover change, Landsat 4-5 (TM) and Landsat 7 (ETM+) were 
used to evaluate the potential change of mapping homestead, paddy, forest and urban. The 
research area is Gazipur; near Dhaka where floodplains are ordinarily comprised of the complex 
farming systems. Also, ground information has been collected in 2013 and 2014 utilizing GPS 
with Google Earth imagery (2007 and 2010). 
2. To categorize four classes from the other ground cover. Image processing, and spatial 
analysis techniques were used. However, the study has been linked with distinctive systems and 
methods for pre-processing, segmenting, classifying and validating ground truth information. 
3. To extract the phenological information of rice, MODIS 8 day composite data has been 
used, applying FFT to sort the cropping pattern in Pabna, Manikganj, Sherpur, Sylhet including 
Gazipur that is an important aspect of the food security condition in Bangladesh. 
4. In conclusion, the appropriate two distinctive resolution satellites, Landsat and MODIS 
are compared specifically to build up the most proper framework qualities (spatial resolution) for 
the comparison of pixel influence of Landsat and MODIS data. 
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1.8 Structure of the dissertation: 
 
This dissertation is structured as follows. Chapter 1 provides the historical information on 
SRTM, Landsat and MODIS data, with the fundamental concept of remote sensing. Chapter 2 
shows a detailed view with the justification of the study areas. Chapter 3 contains the 
methodology of this study and a brief clarification about satellite data. Chapter 4 illustrates the 
outcomes and talks. The outcomes will be represented by the range of land cover change in terms 
of implication of agroforestry and agriculture with the emphasis of rice development in 
Bangladesh towards phenological examination. Chapter 5 presents the conclusion and summary. 
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Chapter 2: Study Area 
2.1 Introduction: 
 
In Bangladesh, the geological circumstance alongside accessibility of water and subtropical 
climate constitutes an optimal area for rice development. The position of Bangladesh is in the 
tropics, situated in the northeastern part of South Asia between 20° 34' N and 26° 38' N and 
encased by longitudes 88° 01' E and 92° 41' E, with an area of 147,570 km2. From 2001 to 2015, 
the population of Bangladesh gradually increased keeping up with a high rate (Figure 3). 
 
 
Figure 3: Population of Bangladesh during 2001-2015. 
(http://www.economywatch.com/economic-statistics/Bangladesh/Population/) 
A large part of flood plains (79.1%), terraces (8.3%) and hilly areas (12.6%) are comprised geo-
morphologically in Bangladesh. In addition, by the delta building activities, the three significant 
waterways are: The Padma (the main branch of the Ganges), until it is joined by the Jamuna River, 
the Brahmaputra, the largest distributary and the Meghna river. Due to snow melt, the Brahmaputra 
begins to rise in March in the Himalayas; the increasing of the Ganges begins in early June at the 
onset of the monsoon. Because of the erosion of the riverbank, there is loss of land which is higher in 
Brahmaputra-Jamuna basin; the rate of the erosion is approximately 139 and 358 ha each year 
(Chowdhury, 2000). Furthermore, the Padma joins near Chapai Nawabganj with the Jamuna near 
Aricha (Manikganj) about 70 km west of Dhaka and with the Meghna near Chandpur; which flows 
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into the Bay of Bengal, along few upland in the northeast and the southeast. 
 
 
2.2 Area selection: 
 
The research areas are Pabna, Manikganj, Sylhet, Sherpur, and Gazipur in Bangladesh 
(Figure 4 and 5). 
 
Figure 4. NDVI distribution in Bangladesh derived from MODIS images observed 
during January 1-8, 2002. 
 
Figure 5. Gazipur map with five sub-districts (upazilla). (http://www.gadm.org/download) 
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2.3 Geographic location of the study area: 
 
In Bangladesh, Pabna with a population of 2523 thousand (census 2011) is one of the oldest 
districts. Between 23°48' and 24°21' north latitude and between 89°00' and 89°44' east longitude, it 
lies in the central-western part of the country that is surrounded by Manikganj district and the river 
Jamuna and the area is 2376.13 km2 in total. Meanwhile, Manikganj area’s population of 1393 
thousand is bounded on the east by Dhaka and on the west by Pabna. The total area is 1383.66 km2, 
lying between 23º38' N -24º 03' N and 89º41' E- 90º08' E. 
Sylhet is in the north-eastern region of the country, with a population of 2675 thousand. It has  
a total area of 3452.07 km2 and lies between 24º36' N- 25º11' N and 91º38' E and 92º30' E. Sherpur 
district, population 1358 thousand lies between 24º18’ N - 25º18’ N and 89º53' E - 90º91' E; the total 
area of the district is 1364.67 km2. Gazipur area, population 3403 thousand in an area of 1741.53 km2 
is situated in the northern neighborhood of Dhaka between latitude 23º53' N- 24º20' N and longitude 
90º09' E- 90º42' E. This district typifies a common rice growing area approaching from medium high 
to highland (between 4 and 24 m above sea level; ASL). The location of the zone is between latitude 
23˚88' N - 24˚34' N and longitude 90˚15' E - 90˚70' E. Also, Gazipur is situated in Old Brahmaputra 
(floodplains) and Madhupur tract (terraces). Old Brahmaputra, Shitalakshya, Turag, Bangshi, Balu, 
and Banar are known as the principle waterways in this part. Consequently, normal temperature is 
between 13 and 36˚C yearly and precipitation are around 2400 mm (Giri ,1996). In Sylhet, annual 
rainfall increased by 809 mm while it decreased by 364 mm in Dhaka, in the time period of 2003- 
2012 (BBS, 2013). 
In the seaside zones of Chittagong and the northern part of Sylhet region has been accounted 
for the most extreme precipitation while the western and northern region of the country is 
acknowledged. Sylhet is a saucer-like shape where the highest temperature is 23°C (Aug-Oct) and 
lowest temperature is 7°C (Jan) with 80% of the yearly precipitation of 3,334 mm falling in the 
middle of May and September. Because of the low- lying level zones that are beneath 8 meters, the 
greater part of this district is deluged each year for 7-8 months to 5 meters amid the monsoon season. 
Furthermore, around the edges production in Sylhet is lower, caused by the hilly areas (Zafersiddik et 
al., 2013; Ahmed, 2011; NERP, 1995). 
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2.4 Justification of the study area: 
 
Along the Bay of Bengal, the southern part of Bangladesh has salinity intrusion and tidal 
flooding effect. As a result, arable land has intensely been affected; about 53% of the coastal area 
is affected by salinity. Therefore, it has lesser cropping intensity with lower utilization of crop 
land except for the dense evergreen forest and Jhum cultivation (Chittagong Hill Tracts). Due to 
soil salinity, crop productivity in some of the southern districts have decreased in such a level that 
it is alarming (Shapla et al., 2012). Having said that, South Asia was identified as the most 
vulnerable and susceptible to climate change effects that were highlighted in the Third 
Assessment Report of IPCC (McCarthy, 2001). In Bangladesh, 1m sea level rise has been 
estimated to affect 13 million people; 6% of national rice production was lost.  
During 2007, 9.2 million people were affected, which ruined 1.22 million acres of cropland 
and damaged 405. Furthermore, the coast of Bangladesh was affected by cyclone named as Sidr 
with winds 240 km an hour on 15 November 2007. 8 million people were affected and over 3,360 
people died. (http://www.unicef.org/bangladesh/cbg_(18.10.08).pdf). Because of the 
overwhelming influence of cyclone Sidr, 40% of Keora forests were damaged in the coastal 
region including the Sundarbans during 2007 (Shapla et al., 2011). On the other hand, the 
northern part is more suitable as a rice growing region because of the Gangetic alluvium (Pabna, 
Dhaka districts etc.), Teesta silt (Pabna and other districts), and Brahmaputra alluvium (Dhaka, 
Sylhet districts etc.) all the three sorts contribute fertile soils that has good response to rice 
production. 
 
Table 4: Comparative feature of Boro rice (local) in the northern and southern part of Bangladesh. 
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The local rice production in the southern part is relatively lower than the northern part 
referring with the data basis (BBS, 2013) (Table 4). Among the nine divisions of Bangladesh, 
Pabna region is encased in the Rajshahi division, Gazipur and Manikganj are a part of Dhaka 
division, Sylhet area is in the Sylhet division (the same name for the region and division), and 
Sherpur is incorporated into the Mymensingh division. These five districts in the northern areas 
have been chosen for the present study because of the intensified rice development (Table 5). 
 
Table 5: Rice area and production statistics in the five districts. 
 
  
Source: (BBS, 2011)  
 
 
Also, these regions, particularly Sylhet, are characterized with rich soil every year through 
the large amount of precipitation with broad immersions. However, Pabna region has buffer yield 
from its hybrid (Boro and Aman) paddy fields. All of the three sorts of Aus, Aman, and Boro rice 
have been produced in Sylhet and Sherpur districts (publications.csiro.au). As a whole the five 
research areas were evenly distributed with three sorts of rice which has been increasing due to 
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adoption of HYV (High Yielding Varieties) and hybrid varieties with time (Figure 6). Hybrid seed 
is important for homestead and agricultural production. 
Gazipur area is included within AEZ-9 and 28 categories agro-ecologically (FAO, 1988). 
The high yielding varieties (HYV) of rice, jute, vegetables are noteworthy agricultural items in 
addition with the forest items; tree, fuel wood and so on. BRRI (Bangladesh Rice Research 
Institute), BARI (Bangladesh Agricultural Research Institute) and universities that are pertinent to 
agroforestry and agricultural organizations are situated in Gazipur, Bangladesh. Furthermore, 
Gazipur is advancing in the industrial sector, such as packaging industry, machine tool factories, 
brick field manufacturers and so forth that can contribute to economic development. 
 
 
 
Figure 6: Rice areas derived from the statistical data (BBS, 2011) in 2005 and 2010-2011 
implemented in the five districts. 
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Figure 7: Number of household and density in 2011 derived from statistical data (BBS, 2011) 
implemented in the five districts. 
 
As per the BBS observation in 2011 (BBS, 2012) the population density of Gazipur is 1884 
km2 with a yearly annual growth rate of 5.2%. The education rate is 62.6% (BBS, 2012) in 
Gazipur. Comparatively both the no. of households and household density is more than Pabna, 
Manikganj, Sherpur and Sylhet (Figure 7). 
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Chapter 3: Methodology 
3.1 Satellite information and data (SRTM): 
 
 
The topographic feature of Gazipur was accomplished from the Digital Elevation Model 
(DEM) based on the Shuttle Radar Topography Mission (SRTM) with 90 m resolution (Figure 8). 
During an 11-day flight in February 2000, SRTM data was collected in the mission of the Space 
Shuttle Endeavor (http://dds.cr.usgs.gov/srtm/version2_1/SRTM3/Eurasia). 
 
Total scene (90m) Gazipur (90m) Total scene (30m) Gazipur (30m) 
Figure 8. Resampled images generated from SRTM data. 
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3.2 Landsat 4-5 TM and Landsat 7 ETM+: 
 
 
For long-run historical records, Landsat images have extensively been used for both research 
and other purposes. Landsat data was collected (Figure 9) from the USGS Global Visualization 
Viewer (http://glovis.usgs.gov/). 
 
 
Figure 9. Downloaded feature with USGS and imagery from NASA’s Landsat 4-5. 
 
 
Landsat 4-5 Thematic Mapper (16 January 2005 with 0% cloud cover and 11 January 2009 
with 1% cloud cover) were used to conduct the analysis of this research. The cloud thickness is 
about 487,680 cm indicating the brightness value to be around 150, when it becomes double 
pertinent to the thickness, the brightness value is 250 (Houghton et al., 1986). 
In contrast, to cover the three times Landsat 7 Enhanced Thematic Mapper Plus (ETM+) (29 
January 2001 with 0% cloud cover) was used. Therefore, 3 Landsat scenes (path 137 and row 43) 
have been chosen to cover the study area. In fact, the reason for selecting January is that the data is 
approximately cloud-free which is characteristic of the winter season of Bangladesh when the 
Boro rice is mostly available. 
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For achieving better comparison in different years as well as for detecting the extraction of 
significant changes in LULC, the data were exploited utilizing the bands from 1-5 and 7 (Table 6). 
 
Table 6. Spectral information of Landsat.  
 
 
In green vegetation, the blue band reflectance is normally lower. The Electromagnetic 
Radiation intensity (EMR) is recorded as digital numbers (DN) by the satellite sensors. In addition to 
the image acquisition, each image is specific of the DN value to the type of sensor and atmospheric 
condition. In the case of 25m and 250m resolutions, minimum area coverage is 0.0625 and 6.25 ha in 
accordance with 1: 50,000 and 1: 500,000 scale respectively (Goodchild, 1993). 
Satellite Landsat 4-5 TM Landsat 7 ETM+ 
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Table 7. Wavelength range of Landsat band (nm). 
 
For every band, the spatial resolution of the ETM+ sensor is 30 m; visible (1 - 3), near- 
infrared (4 and 5) and shortwave infrared (7). The resolution of TM is identical for the blue to mid- 
IR reflectance bands. Band range is 450-2350 nm (Table 7). 
Figure 10. Flow chart of the research approach. 
 
 
Figure 10 represents the data analysis process. By subjecting three satellite data, the 
foundation was created for the segmentation analysis in order to do the object-based classification. 
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For subdividing an image, the process of segmentation is a collection of a variety of different 
image objects. In other words, dividing images into objects that are set apart where every object 
has a comparable spectral likeness (Li et al., 2011). In object-based classification, pixels are 
categorized as objects of landscape (Walter, 2004). The following four parameters were adopted 
by Liu and Yamazaki, 2011; for controlling segmentation procedure; allowed level of in 
homogeneity for scale parameter, layer weight for each band, weight of spectral and shape features 
for shape factor and compactness of each object. 
Instead of the pixel-based segmentation, the object-based segmentation is utilized to reduce 
the noise. The values are 5 (scale), 0.1 (shape) and 0.5 (compactness); all of the bands for the layer 
weight have the same value. Also, the selection of these parameters have implemented for the 
discrimination of forest and paddy classes. By utilizing the eCognition software, an image is 
described not as a single pixel the focus is in a significant common relationship and image objects 
(Baatz et al., 2001). 
 
 
3.3 Segmentation and classification: 
 
At various spatial-temporal scales to assess global change, land use/cover change analysis is 
an essential device (Lambin, 1997). From the Landsat TM and ETM+, the band 5 (1.65 μm) and 
band 7 (2.22 μm) are utilized with the bands 1-4 because these bands with longer wavelengths (5 
and 7) are less susceptible to the atmospheric influence than shorter wavelength bands (bands 1- 
4). The main purpose of segmentation (Definiens, 2006) is based on objects (pixels are nearby and 
alike spectral features which are combined as segment) with the extraction of the features from 
images. To classify the segmented images into four classes (homestead, paddy, forest and urban) 
the unsupervised classification algorithm (ISODATA) is utilized. 
These four categories (Figure 11) have been described with their major characteristics as 
follows. Paddy cultivation in arable land is known as paddy field. Mixed, deciduous forest and 
others are the indications for forest lands. Multipurpose trees, vegetables, spices, various fruits, 
fuelwood, fodder, ornamental herbs/shrubs, and forage are produced from homestead; such small- 
scale agriculture has increased in the rural areas of Bangladesh (Haque, 1994). Commercial areas, 
roads, industrial, residential, various urban structures, transportation and others are within the 
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category of urban. With the present categories of agriculture, forest, urban and water are similar 
with the National Land Cover Dataset 1992 (http://landcover.usgs.gov/classes.php#woody). 
 
 
  
 
  
 
  
 
  
Homestead 
Forest 
Urban 
Water 
Paddy 
Figure 11.  Land cover categories in Gazipur taken by GPS camera. 
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3.4 Image classification: 
 
The process in which pixels turn into classes is known as image classification (Jensen, 
1996). However, every pixel is an individual unit. There are two common classification 
procedures; supervised classification in which the operator controls the entire procedure and 
unsupervised classification where most of the process is automated. For unsupervised 
classification, by increasing the number of spectral classes the error formation is reduced 
(Mukherjee et al., 2009) however; unsupervised classification requires no information about the 
classes. Pixels are grouped based on their reflectance properties; the image processing software 
generates clusters with this information and manually matches every cluster with land cover 
classes. Unsupervised classification in view of Iso-cluster/data with the pixel-based analysis is 
useful for extracting information about the LULC types in the study area. 
 
Figure 12. False color segmented Landsat image (RGB: band 7, 4, and 2). 
 
Color composite is a timely fashion. Near infrared, green and red combinations are often 
used to detect changes in vegetation. In addition, 4, 5 and 3 bands have similarity with the 7, 4 
and 2 band (Figure 12) with the largest difference is that vegetation is green. 
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Figure 13. Landsat original (left), and segmented true color image (right) (RGB: band 3, 2, and 1). 
 
 
In context of Landsat 5 and 7, the natural color band combination are 3, 2, and 1 (Figure 13) 
whereas the false color band combination are 7, 4, and 2 etc. referring with USGS 
(http://landsat.usgs.gov/L8_band_combos.php). For the three time periods (2001, 2005, and 
2009), change identification has been accomplished in the Gazipur region by using these data’s. 
Borghuis et al., (2007) observed that unsupervised characterization is more detailed than 
supervised classification. The process of the classification is conducted after the segmentation 
(band SWIR and NIR) utilizing the Landsat data (Figure 14). 
 
 
 
Figure 14. Segmentation and classification of Landsat 2001, 2005 and 2009. 
Original  Classified 
SWIR and NIR 2001, 2005 and 2009 
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Paddy Homestead 
By utilizing masks (Figure 15) (with the help of visual interpretation), the water bodies 
including the major rivers are extracted since separation between paddy and water are usually 
difficult. 
 
 
Figure 15. Visual interpretation of river mask in Landsat and MODIS data. 
 
 
Furthermore, for validation 38 zones were taken (4535 pixels altogether) from the Google Earth 
imagery that are shown in Figure 16. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16.  Areas selected for validation. 
 
The Google Earth image derived as Digital Globe imagery was utilized to justify the accuracy 
during 2007 and 2010. The pixel size unit of every zone is approximately 11 × 11 (330 × 330 m2) 
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and every region has 120 pixels. Since Landsat has finer resolution than MODIS, to figure out the 
accurate classification in the context of MODIS NDVI, Landsat 2009 data were used for the 
validation using Google Earth imagery. 262 images from the GPS camera (Figure 17) were taken in 
2013 and 2014. 
 
 
 
 
 
 
 
Figure 17. a) Image captured in 2014 as an example b) GPS cameras (Pentax WG-3) used 
c) Unit display after taking the image (to extract the log the EXIF extractor was utilized). 
 
 
3.5 MODIS Data and FFT: 
 
MODIS/Terra 8-day composites images (MOD09Q1) were utilized to clarify the LULC of 
the five districts amid the two times of Jan 2001-Dec 2003 and Jan 2011- Dec 2013. The reasons 
for the selection of the images are the near-nadir view angle, the clouds or cloud free shadows, and 
low aerosol. At a 250-m resolution, in order to characterize land surface reflectance band 1 (red, 
620 - 670 nm) and band 2 (near-infrared, 841 - 876 nm) are processed (Table 8). Mapping of 
cropland rice was done utilizing time-series MODIS data by filtering the wavelet Chen et al., 2005; 
good results can be obtained by utilizing wavelet transformation for rice signatures (Yang et al., 
2014). However, by using geometric correction, atmospheric adjustment, validated and quality 
confirmed from the earth observing system, the NDVI from the MODIS 16-day composite data 
(c) 
(a) (b) 
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(MOD13Q1) at 250m resolution were improved (Justice et al., 2002; Huete et al., 2002). 
 
Table 8.  MODIS spectral bands (reflected: 1-19, 26; emitted: 20-25, 27-36). 
 
Band Wavelength 
range (nm) 
Fundamental 
use 
Specific 
aspect 
1 0.620-0.670  
Land/Cloud/Aerosols Boundaries 
Land Cover Conversion, Vegetation 
Chlorophyll 
2 0.841-0.876 Cloud Quantity, Vegetation Land 
Cover Conversion 
3 0.459-0.479  
          Land/Cloud/Aerosols feature 
Soil/Vegetation Differences 
4 0.545-0.565 Green Vegetation 
5 1.230-1.250 Leaf/Canopy Differences 
6 1.628-1.652 Snow/Cloud Differences 
7 2.105-2.155 Cloud Properties, Land Properties 
8 0.405-0.420  
 
 
 
 
Chlorophyll 
9 0.438-0.448 Chlorophyll 
10 0.483-0.493 Chlorophyll 
11 0.526-0.536 Chlorophyll 
12 0.546-0.556 Sediments 
13 0.662-0.672 Atmosphere, Sediments 
14 0.673-0.683 Atmosphere, Sediments 
15 0.743-0.753 Chlorophyll Fluorescence 
16 0.862-0.877 Chlorophyll Fluorescence 
17 0.890-0.920  
Atmospheric Water Vapor 
Aerosol feature 
18 0.931-0.941 Aerosol feature, Atmospheric feature 
19 0.915-0.965 Atmospheric feature, Cloud feature 
20 3.660-3.840  
Surface/Cloud temperature 
Atmospheric feature, Cloud feature 
21 3.929-3.989 Atmospheric feature, Cloud feature 
22 3.929-3.989 Sea Surface condition 
23 4.020-4.080 Forest Fires &amp; Volcanoes 
24 4.433-4.498  
Atmospheric temperature 
Cloud condition, Surface condition 
25 4.482-4.549 Cloud condition, Surface condition 
26 1.360-1.390  
 
 Cirrus Clouds Water Vapor 
Cloud Fraction, Troposphere 
condition 27 6.535-6.895 Cloud Fraction, Troposphere 
condition 28 7.175-7.475 Cloud Fraction (Thin Cirrus), 
Ocean color/Phytoplankton/Biogeochemistry 
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29 8.400-8.700 Cloud feature Mid Troposphere Humidity 
30 9.580-9.880 Ozone Upper Troposphere Humidity 
31 10.780-11.280  
Surface/Cloud condition 
Surface condition 
32 11.770-12.270 Total Ozone 
33 13.185- 
13.485 
 
 
 
Cloud Top Altitude 
Forest Fires & amp; Volcanoes, Surface 
condition 
34 13.485- 
13.785 
Forest Fires & amp; Volcanoes, Surface 
condition 
35 13.785-14.085 Cloud Fraction, Cloud Height 
36 14.085-14.385 Cloud Fraction, Cloud Height 
Source: NASA, 2011 
 
 
Table 9. MOD09Q1 specifications. 
 
Source: (https://lpdaac.usgs.gov/) 
 
Band 1 (red, 620 - 670 nm) and band 2 (near-infrared, 841 - 876 nm) are processed and 
combined into normalized difference vegetation index (NDVI). Additionally, there is a band for 
controllable quality. The data level is 3 (Table 9) with a 16-bit integer signed data consisting of a 
theoretical assortment of values from -32,768 to +32,768. The detailed range of the data begins 
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from -2000 to +10000 including a -3000 fill value. However, bands from 1 to 7, including 
various important information with surface reflectance, is within the MOD09CMG file, but does 
not have retrieved aerosol data (aerosol data are combined in another file, MOD09CMA). 
The surface reflectance products are derived from the first two (MOD09Q1), or seven 
bands of the 36 scene bands which are equivalent. As either 8-day composite or daily images, 
global surface reflectance can be acquired at 250m (2 bands) or 500m (7 bands). In order to turn 
these numbers into a valid reflectance data, the values of the cell should clearly be divided by 
10,000. The improvement made from clouds, atmospheric aerosols and gases are included within 
reflectance values. Normally reflectance values may not exceed the range between 0 and 1. 
Atmospherically if the data are not improved, DN reflectance will only be a linear 
transformation. Such data sets are characterized by relatively low aerosol content. 
However, MODIS would be preferable in the context of monitoring the earth at higher 
temporal resolution i.e., 1-2 days, two passes everyday whereas Landsat uses 16-days for its 
temporal resolution. MODIS gets information in high radiometric resolution which is 12 bit 
among 36 bands with the wavelengths among 0.4 µm to 14.4 µm. In the spectral bands, 
sufficient spatial resolution is provided by MODIS that ranges from 250 to 1 km. Preferably; due 
to its spatial resolution Landsat data (i.e., 30 m) are better than MODIS data (Table 10). 
Table 10. MODIS vs Landsat resolution. 
 
In Landsat 0 to 225 (in decimal) radiation range is referred as 8 bit resolution because the 
amount of energy is required to increase a pixel value by quantization count; space craft uses 8 
binary numbers i.e. 00000000 (darkest) and 11111111 (lightest). Therefore, total 256 shades of 
grey were found. LANDSAT (8 bit) contains 7 spectral bands of 0.5 µm to 12.5 µm, coverage in 
35 
      
 
 
visible, NIR, SWIR and long wave for surface temperature. 
 
Table 11: Landsat vs MODIS bands. 
 
 
 
Rayleigh scattering take place when gas particles are less than 0.1 that are smaller than the 
blue wavelength (0.47 micron) (Table 11) that is why the sky looks blue. Longer radiation of 
wavelength that are not highly scattered appears red during the beginning or the ending of the day 
in the sky (Curran, 1985). MODIS provides reflectance data which is atmospherically corrected, 
geo-referenced and radiometrically calibrated. At various temporal and spatial scales, it reflects 
the human impacts on environment (López et al., 2001). The resolution degrades, as the sensor 
view angle increases. Also in a scheduled year, forty-six 8-day composite images were 
downloaded (http://lpdaac.usgs.gov) from the Land Processes Distributed Active Archive Center 
(LP DAAC) of the USGS EROS Data Center (http://edc.usgs.gov/). MODIS data were saved in 
the format of Raster tiles/scenes in Hierarchical Data Format (HDF). 
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Figure 18. Flow chart of MODIS data processing. 
 
 
The influence of clouds can be avoided without significant changes in the ground conditions by 
utilizing 8-day composite imagery, although the date may vary from pixel to pixel. To facilitate, 
delineation of the coverage of vegetation, NDVI (Normalized difference vegetation index) is 
defined as 
 
R= Red Channel Reflectance 
NIR= Near Infrared Channel Reflectance 
 
 
For band 1 and 2, RED and NIR indicate the pixel reflectance respectively. From each 
MODIS imagery, level slicing is applied to the NDVI images during the analysis. To cover the 
study area of Bangladesh, two raster  tiles  (h25v06,  h26v06)  (Figure  2  and  19)  of  
MOD09Q1 images (Figure 18) were joined together through mosaic (4800×4800) and mostly 
cloud free pixels were obtained after averaging. 
(1) 
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Figure 19. MODIS NDVI images a) h25v06 (left) h26v06 (right) b) georeferenced mosaicked 
image and applied map projection. 
 
Subsequently, convert map projection tool was applied where the WGS 84 coordinate 
system was selected in lieu of sinusoidal projection. 
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Figure 20. Density slicing of the NDVI image keeping with the brightness value. 
 
 
Level slicing is performed on the NDVI images produced from each MODIS imagery at the 
time of the analysis (Figure 20). In the case of MODIS, level slicing was used to discriminate 
homestead, paddy, forest and urban. For each of the three-year periods of 2001-2003 and 2011- 
2013, 138 MODIS images are prepared for studying the changes in LULC. Each pixel 
representing an area of 250 × 250 m2, and 46 images for each of the three-year time period was 
produced representing the annual change with reduced influence of clouds (46×8=368 days, Table 
12). 
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Table 12.  8- day composite 46 MODIS images in a year. 
 
Time  
period 
DOY Time  
period 
DOY Time  
period 
DOY Time  
period 
DOY Time 
period 
DOY 
1 8 11 88 21 168 31 248 41 328 
2 16 12 96 22 176 32 256 42 336 
3 24 13 104 23 184 33 264 43 344 
4 32 14 112 24 192 34 272 44 352 
5 40 15 120 25 200 35 280 45 360 
6 48 16 128 26 208 36 288 46 368 
7 56 17 136 27 216 37 296   
8 64 18 144 28 224 38 304   
9 72 19 152 29 232 39 312   
10 80 20 160 30 240 40 320   
 
 
For analyzing LULC, 60 Iso- clusters are made by applying the unsupervised classification 
(ISODATA algorithm). To extract the seasonal and phenological variation; fast Fourier transform 
(FFT) analysis is subsequently applied to 46 MODIS-derived NDVI images. 
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Figure 21. Applying unsupervised classification technique. 
 
 
Unsupervised classification ISODATA process is applied to the input data then a map converted 
tool is applied to resample the images from 250m to 30m (Figure 21). The classified image for 
MODIS was checked using Google Earth from the Landsat outcome during 2009 because of the high 
resolution. The image was subset utilizing georeferenced shape file of the Gazipur district (Figure 22). 
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Figure 22. Different classes are categorized from Google Earth checking and from Landsat result 
(2009). 
 
3.6 Design of image processing software: 
 
There are number of software used to utilize imagery generated from satellite data such as 
ENVI and IDL, ArcGIS, Geomatica, ER Mapper, Image Processing Workbench etc. In this 
research the software used are ENVI and ArcGIS. 
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3.7 Data processing using ENVI: 
 
The most frequently used digital software, ENVI (Environment for Visualizing Images) (v. 
4.8) is useful for image processing and analysis. ENVI contains advanced image processing and 
geospatial technology in order to obtain helpful information from all kinds of data and make 
decisions. A flat binary file and a small associated ASCII (text) header file are within the raster 
data format utilized by ENVI. DEM, TM etc. are supported by ENVI. Band Sequential Format 
(BSQ) or Band Interleaved by Pixel Format (BIP) and so forth are used to store the raster data. 
 
3.8 Data processing using ArcGIS: 
 
 
ArcGIS stands for Aeronautical Reconnaissance Coverage Geographical Information 
System and as a component of it; ArcMap (Version 10.2) is used for mapping and editing tasks as 
well as for map-based analysis. Similarly, Arc Toolbox is used for data conversion, 
geoprocessing, and controlling vector information which was utilized to examine and combine 
spatial information. The sorts of examination that can be performed on raster data vs vector data 
fluctuate altogether because of the contrasts in the structure. Raster data is the continuous surface 
of evenly sized and spaced cells. On the other hand, vector information includes focuses, lines, or 
polygons which discrete elements and areas. 
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Chapter 4: Results and Discussion 
4.1 Topography and land cover: 
 
Bangladesh is mostly flat in the context of topographic features. The Madhupur Tract in the 
central part, the Barind Tract in the northwest and the southeastern part of Chittagong areas 
including Sylhet with the hilly area in the upper east are high in topography. At sea level, the 
considerable plain lies along the southern coast and the area height rises progressively towards the 
north. Bahadur (2009) noted that the Digital Elevation Model (DEM) and slope reduced the 
difficulty in differentiating among land use classes. From the SRTM DEM data, the topographic 
features of Gazipur were derived. To examine the altitude distribution, the combination of the 
classification outcomes of Landsat 2009 (as illustrated below) and the DEM information is 
exploited in the land coverage sorts (homestead, paddy, forest and urban) (Figure 23). 
In the average-high to highland, i.e., 4-24 m above sea level (ASL) is the location of 
Gazipur area (in the middle of the great plain). Although the usual flood level for the highland is 
20-30 m ASL elevation. Below 20 m ASL is the medium-high area which is normally flooded to 
around 90 cm in depth from June to September during the monsoon season. However the location 
of homestead and forest areas are mid to high elevation in Gazipur area. Homestead areas have 
spread 9.7% south to north (Shapla et al., 2014a). The western side of Gazipur has high land (>20 
m ASL), as delineated from the SRTM observation. The central to low range of elevation is found 
in the eastern part as shown in Figure 23(a). Among the five sub-districts, in Sreepur (northern 
area) land elevation is comparatively high; in Kaliganj (south-eastern area) it is rather low. 
Many paddy areas are found in the (southern part) low-land areas, low topographical 
conditions as indicated in Figure 23(b). Floodplains, abandoned channels, swamps, and marshes 
are generally found in the lowland area (paddy). Also, from east to west, the height of the land 
gradually increases: in the western part of the Dhaka terrace is usually known for the highland that 
is dissected by the Turag, the Buriganga and the Balur River’s tributaries. From 6.1 to 11.3 m 
ASL ranges is the elevation of Dhaka terrace. Altitude ~16 m ASL (homestead areas), is beyond 
different classes, generated from the SRTM DEM data which is found in Figure 23 (b). 
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(a) (b) 
 
Figure 23. Topographical feature of Gazipur (a) Digital elevation map derived from SRTM data 
(b) Graphical representation of homestead, paddy, forest and urban areas. 
 
 
4.2 Changing pattern of land cover: 
 
The classified images from the Landsat data in 2001, 2005, and 2009 are shown in Figure 
24. Due to the availability and arrangement of high spatial resolution sensors, actual land-cover 
classification and extent of applications have been stated (Franklin, 2001). Homestead coverage 
extended from 55% to 57% that is an indication of efficient land use towards sustainable 
development (Shapla et al., 2016). In Kaliakair (western sub-region of Gazipur), homestead area 
expanded gradually. In Sreepur, Kaliganj and Kapasia, the homestead coverage was reasonably 
unaltered, though in Gazipur Sadar homestead showed a descending pattern over the eight-year 
time span from 2001 to 2009. Paddy field increased from 30% (2001) to 35% (2005) and 37% 
(2009). 
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(b) 
Figure 24. Classification outcomes (a) Maps derived from Landsat images in 2001, 2005, and 
2009 (b) Graphical representation illustrating the statistics of category classes. 
 
In Kaliakair, Kapasia and Kaliganj sub-districts, a significant increasing trend in paddy 
coverage was found. In 2001, 1% area was occupied by the urban category, 1.3% in 2005 and 3% 
in 2009. In Gazipur Sadar, followed by Kaliakair, this change was especially observed. The 
conversion of land is alarming for the urban category during 2001 and 2009 (Shapla et al., 
2014b). The present finding is accordance with other similar research (Yesmin et al., 2014). 
Using the Landsat MSS/TM/ETM+ data during 2000 to 2010 urban area raised up to 8.75% 
whereas forest decreased to 3.12% annually in Dhaka division as stated by Hasan et al., 2013. 
From Figure 24(a), in the Gazipur-Sadar sub-district can be found as an evidence where the rapid 
urbanization has occurred; the vicinity of the capital Dhaka. The development of the urban area is 
distinct in the southwestern part of Gazipur Sadar (Giri et al., 1996). Conversion to other uses 
of the fertile agricultural land is an important implication of growing urbanization. 
(a) 
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In contrast to the three categories mentioned above, the decrease in the forest area (14%, 
10%, and 3% in 2001, 2005, and 2009, respectively) is noteworthy. Forest decrease was 
especially found in Sreepur (northern part). Deforestation is occurring every year because 25% to 
26% of the wood production is used for burning bricks in Bangladesh. With the visually 
distinctive trend of desertification, including the frequent incidence of drought spells that is a 
disturbing trend for the environment (CEGIS, 2006). 
Changes in microclimate, loss of habitats, increased flooding, loss of carbon sink, less water 
holding capacity, biodiversity, soil erosion, and undesirable changes in local ecology etc. are sorts 
of the serious environmental impacts of deforestation. Global warming, rising of natural disaster 
flooding, biodiversity loss, and deforestation have widely resulted due to land cover and 
human/natural changes (Mas et al., 2004; Zhao et al., 2004). The worldwide change can be 
influenced by both natural land cover and human-induced changes because of its interaction with 
the terrestrial ecosystem (Houghton, 1994), biodiversity (Sala et al., 2000) and landscape ecology 
(Reid et al., 2000). Some other districts including Dhaka and Gazipur is dispersed by the central 
Sal forest which equivalents to 86% of it.  
The deforestation of Sal forest tends to happen due to anthropogenic threats like illegal 
cutting, expansion of agriculture, urbanization, pollution, and natural threats. In 2009, 28% forest 
coverage fraction was found in Sreepur whereas in Kaliganj and Kaliakair it was 11%, in Kapasia 
19%, and in Gazipur Sadar 31%, referring with the satellite data. On the other hand, the forest 
fractions were 33% in Sreepur area, whereas 27%, 20%, 20% and 0% in Kaliakair, Kapasia, 
Gazipur Sadar, and Kaliganj respectively as stated by the BBS report in 2011 (BBS, 2012). In 
2009, large-scale development of industrial complex is known to be the reason for the shortage of 
forest area in Kaliganj, the south-eastern sub-district. For creating Purbachal New Town forest; 
cropland, farms and water bodies of nearly 1600 acres were destroyed about 16 km from Dhaka in 
Kaliganj (http://www.dhakamirror.com/headlines/hundreds-of-acres-of-forest-crop-land-water-
bodies- destroyed). 
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4.3 Validation: 
 
A field survey was conducted to verify the classification results using the global positioning 
system (GPS) from September 2013 to January 2014. In 2001, 2005, and 2009, the accuracy 
tables for the classification results also with the use of Google Earth imagery, are summarized in 
Table 13. For the ground reference (GR), the pixel numbers in total are 4535 for the validation, 
covering 38 points (areas). 
In 2001, 972 (homestead), 1740 (paddy), 897 (forest), and 141 (urban area), are categorized 
as correctly classified pixels in the pixel-based accuracy table (Table 13), although in every class 
some pixels were misclassified. In the paddy category, out of a total of 1857 pixels, 117 pixels in 
2001, 1 pixel in 2005 and 8 pixels in 2009 were misclassified as homestead. In different years 
(93.70% - 99.95%), paddy exhibits good result which is better than other categories regarding the 
percentage of accuracy. As a whole, for 2001, 2005, and 2009 the k values are found to be 0.745, 
0.852 and 0.820, respectively; which results that in the present classification the accuracy is 
reasonable. Separating the paddy field from the category of the homestead is often made difficult 
due to the occupancy of unlike vegetation. 
Since paddy rice grows well in low lying area, discrimination between paddy and water are 
sometimes difficult. Utilizing the river mask from the three-year data, this difficulty has been 
alleviated because water surface has a very low reflectance in shortwave infrared and near 
infrared compared with other objects. Similarly, 141, 201 and 64 pixels were pure urban, although 
3 and 69 pixels, 5 and 7 pixels, and 146 and 3 pixels were homestead and paddy which is 
misclassified in 2001, 2005, and 2009 in a total of 213 urban pixels. A significant part of water 
bodies have been converted into rural areas (Shapla et al., 2013) as the rivers are prone to cause 
erosion and siltation by changing courses in bare land, which is within the category of rural area. 
Typically illustrated in Figure 25, misclassification with different pixels is likely to happen 
during the eight-year period, particularly with the steady increase in the fraction of the homestead. 
Using Landsat, the images were taken in January the dry season, when the soil contains less 
moisture. Misclassification takes place because the reflectance of road or concrete in the urban 
areas becomes similar. Xu H., 2007 utilized the built-up index in order to lessen a few land cover 
characteristics between pixels. In Figure 25 (b), expansion of homestead areas including the 
conversion from forest to homestead has been demonstrated. 
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Table 13. Accuracy assessment for the Landsat classification in 2001, 2005 and 2009. 
 
 
 
 
 
GR Homestead Paddy Forest Urban Total K value 
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Figure 25. Homestead and forest (a) Misclassification in 2001, 2005, and 2009 (b) The change 
from forest coverage to homestead. 
 
Ward et al., (2000) noted that residential areas were more prone to misclassification as a 
result of their heterogeneous composition of buildings, roads, and wooded and non- wooded areas 
of vegetation. For landscaped residential areas, the inability to distinguish exposed or sparsely 
vegetated soil caused most of this confusion. To assess these changes, there are (developed) 
methods to monitor the human and nature created change in the landscape; various public 
agencies are finding it as an increasingly important issue (Levien et al., 1999). It is recommended 
by numerous studies that misclassification and the accuracy of mapping deciduous forests can be 
amended by remotely sensed time series data. Furthermore, there are some methods for
      
 
 
misclassification between soil and forest. In case of mixing crop types, examining misclassification 
might be possible (Smith et al., 2001). 
 
4.4 Regional economy and food security: 
 
In each of the Gazipur sub-districts, the 2009 paddy area (in km2) is (Sreepur) 158.8, 
(Kaliakair) 101.3, (Kaliganj) 90.3, (Kapasia) 107.3 and 130.1 in (Gazipur Sadar) referring to the 
current analysis of the Landsat data. In 2009-2010, rice area (in km2) and production (in metric 
ton) were 113.7/32,767 (Gazipur Sadar), 43.2/26,735 (Kaliakair), 31.7/26,552 (Kaliganj), 
147.8/29,298 (Kapasia), and 153.2/30,106 (Sreepur) as reported by the BBS statistics (BBS, 
2012). Among the total area, paddy corresponds to 27.1% that is slightly smaller than the satellite 
result of 36.5% (588 km2). During 2001 to 2009, paddy area increased by 7% which is revealed 
by the present analysis of satellite data. The recovery can be associated with the adoption of 
modern rice varieties in the paddy area. Referring to the social statistics, from 2001 to 2008 rice 
production increased by 6.4% in the nation (BBS, 2012). However regional statistical numbers are 
inaccessible. 
In 2008-2009, the three rice types changed from 6% to 6% (Aus, no change), 41% to 37% 
(Aman), and 53% to 57% (Boro). Rice production was 251.57, 265.30 and 273.18 million metric 
tons, in the harvesting periods of 2004-2005, 2005-2006 and 2006-2007 (BBS, 2012). The recent 
development of food security especially in the availability is indicated by these changes. 
According to records, 70% of the population in Bangladesh was under the poverty line of food 
consumption in the 1970s. However, under half of the population went down towards this in 2005. 
The direct use values, indirect use values (e.g., soil conservation), optional values (e.g., 
biodiversity), (e.g., fruit, fuel, and timber), bequest values (e.g., habitat), and existence values 
(e.g., endangered species), are the summation of the economic value of home gardens (Emch et 
al., 2006; Ahmed et al., 2012). In 2001, 70.03% and 95.97% in 2009 can be found as homestead 
accuracy from Table 13. In the forest category, the misclassification occurred being similar with 
homestead due to the similar spectral characteristics. 
A reason for the improvement in the accuracy is because the forest class decreased allowing 
homestead to increase in 2009. From the groves, a large amount of shrubs, trees, and thickets of 
bamboos surrounds the village homesteads (BBS, 2012). With the increase of landholding class, 
the size of homestead forestland increases although the percentage of homestead forestland 
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in relation to total land, decreases due to the devotion of higher fraction of land towards 
agricultural crops (Rahman et al., 2005). 
 
4.5 Spatial distribution of NDVI: 
 
Usually the phenology level can be examined by utilizing vegetation indices (Karnieli, 
2003). Successful vegetation indexes in the beginning were developed by Rouse et al., (1973) 
based on band rationing which is widely used (Tucker et al., 2001; Stöckli et al., 2004; Piao et al., 
2006; White et al., 2009). Between visible and infrared spectra, this index utilizes differences in 
reflectance to facilitate remote observation of vegetation (Doktor et al., 2009). By the NDVI 
index, the ‘greenness’ of a pixel is assessed. Usually - 1 to +1 range are determined where near +1 
indicates the highest thickness of vegetation. Under 0 is determined as water.  
However in winter, NDVI is generally lower (the deciduous forests that spread out leafs 
during the moisture less season). From space, in order to analyze vegetation using satellite 
reflected near-infrared radiation (Table 11) can be sensed to help scientists study. Chloroplasts 
reflect green light energy although it absorbs blue and red light for utilization in photosynthesis 
(palisade mesophyll). Infrared light energy is strongly reflected by spongy mesophyll cells 
(Barrett and Curtis, 1976). In order to know the plants productivity and health, a plants spectrum 
of both in infrared and visible wavelengths reflection and absorption can provide information. 
In context of Bangladesh during January 2002, the spatial distribution of NDVI is shown in 
Figure 4. In the low-lying areas, the relatively high NDVI values represent the harvesting season 
of Boro rice because this result is based on the analysis of MODIS data in January. Most parts of 
the nation is on the Ganges-Brahmaputra Delta, except the hilly area in the eastern coast of the 
Bay of Bengal (Chittagong division), where the value of NDVI ranges from ~0.2 to ~0.7. In the 
case of forest, in 2011 the highest value of NDVI has been observed. In September- October, after 
rainfall large NDVI values are observed when the land is with the highest foliage cover. During 
winter (March-April), the value of NDVI decreases significantly (Shapla et al., 2015c). The 
deciduous forests that shed leaves in the dry season can be the cause of this. NDVI values are 
relatively low (~0.2 to ~0.4), in Sherpur and Sylhet, the northern highland districts, whereas in 
Pabna, Manikganj, and Gazipur in the midland, the values are relatively high (~0.3 to ~0.7).  
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In October, (due mainly to Aman rice), large NDVI values are seen while in February due to low 
rainfall in the winter season the value tends to be smaller. Vegetated land has a NDVI value 
between 0.10 and 0.70; NDVI values are higher than 0.50 in the densely vegetated areas (Hamlyn 
et al., 2010; Tucker et al., 2005; Pinzon et al., 2004). Furthermore, NDVI has expanded reflectance 
than the close infrared bands (Gitelson et al., 1996). 
 
4.6 LULC classification and change detection: 
 
 
For the two periods of 2001-2003 and 2011-2013, the LULC analysis for the five districts of 
Pabna, Manikganj, Sherpur, Sylhet, and Gazipur are narrated in Figure 26. In Pabna, a significant 
part of the paddy field coverage was turned into homestead during 2011-2013 which is found to 
be a noticeable change in Sujanagar and Santhia with some other sub-districts. The opposite 
change from homestead to paddy has been observed in the northern rim of Bhangura, Faridpur, 
and Chatmohar sub- districts. In Manikganj, particularly in the southern part of Harirampur sub-
district and the western part of Shivalaya sub-district, remarkable changes from homestead to 
paddy are found, as similar. Paddy turned into homestead in the northern sub-districts of 
Sreebardi, Jhenaigati, and Nalitabari in Sherpur. In the northern area, a slight decrease in the 
forest coverage occurred in association with the increase in paddy area. In Kanaighat, 
Gowainghat, Jaintiapur, and Companiganj experienced a considerable change from homestead to 
paddy in Sylhet. In the southern part of Golabganj and Balaganj sub-districts, opposite change 
from paddy to homestead was found. 
Forest area decreased due to the increase in the paddy area in the central part of Sylhet. 
Similarly, in both the northern (Sreepur) and southern (Gazipur Sadar and Kaliganj) sub-districts, 
an increase in paddy coverage occurred in Gazipur. The development is conspicuous in the case of 
the urban area in the southwestern part of Gazipur Sadar (Shapla et al., 2015a). The category 
percentage in the two different time periods of Pabna, Manikganj, Sherpur, Sylhet, and Gazipur 
districts are shown in Figure 27. In Pabna, Manikganj, and Sherpur, the paddy category decreased 
with the reducing trend of homestead in Sylhet and Gazipur. In Rajshahi division 1.11% crop land 
was lost yearly in the time of 2000 to 2010 (Hasan et al., 2013). Homestead increased from 25% 
to 37% and 9% to 16%, in Pabna and Sherpur, respectively. In Pabna and Manikganj no forest 
areas were found. From the viewpoint of eco-diversity the decrease of the forest area in Gazipur 
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from 11% to 5% is alarming (Shapla et al., 2015b). The urban area was seen only in Gazipur since 
urbanization occurs in association with deforestation. The ever increasing population density has 
resulted these changes. On the other hand in Sylhet district, forest increased up to 2% from 2001 
to 2013 (Shapla et al., 2015b) whereas 9.42% forest area increased during 2000-2010 in Sylhet 
division (Hasan et al., 2013). 
In Pabna, the increase in population density was 916 to 1062 km2, Manikganj, 928 to 1007 
km2, Sherpur, 937 to 995 km2, Sylhet, 520 to 775 km2, and Gazipur, 1165 to 1954 km2 during the 
ten year period from 2001 to 2011. With regard to the observed change in LULC, the leading 
causes are population increase and urbanization in Gazipur. Changes in weather patterns exerted 
dramatic impacts on agricultural conditions in addition to population increase. In Pabna, the 
production of Aman rice was damaged due to flooding and excessive rain during 2008-2009 
(27.6% partial damage) according to BBS, 2010. Climate change is resulted by bigger 
sedimentation which concludes severe economic and social implications (World Bank Report, 
2001). Soil erosion nearby the Padma river was caused by longer flooding and higher flood water 
levels in Manikganj and Sherpur. 
In 2009-2010, 46.71% of Boro rice was damaged (April-May) because of floods and rush of 
water in Sylhet. Annual rainfall in Sylhet increased by 809 mm, while the value decreased by 364 
mm in Dhaka during 2003-2012 (BBS, 2012). Rainfall patterns, disastrous flooding and drought 
events occur due to the influence of global climate change. Aman and Aus are broadcasted by 
droughts during May and June. Because of the unavailability of water; Boro, wheat and other 
crops which are harvested in the dry season, have been affected due to both surface and 
groundwater. 
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Figure 26. Change detection based on the land-cover classification in Pabna, Manikganj, 
Sherpur, Sylhet, and Gazipur generated from MODIS data. 
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In the semi-deciduous tropical forest, the understory appears evergreen and the tallest trees 
as deciduous (IPAC, 2009). It is vital to consider that because of the precipitation, ﬂood and tide 
even the agricultural ﬁelds appear as water bodies around Sylhet division, Habiganj, Sunamganj 
and Maulavi Bazar (north-eastern part of Bangladesh). 
 
 
 
Figure 27. Category percentage in Pabna, Manikganj, Sherpur, Sylhet, and Gazipur districts in 
2001-2003 and 2011-2013. 
 
4.7 Annual change of NDVI: 
 
In order to identify the start of the growing season and the heading, the wavelet-smoothed 
time-series is necessary (Galford et al., 2008; Sakamoto et al., 2009; Chen et al., 2011). The 
outcomes from the seasonal change of NDVI and the FFT analysis are discussed for Pabna, 
Manikganj, Sherpur, Sylhet and Gazipur. Large sets of physically meaningless harmonics are 
usually created, for instance, when the Fourier transform is applied to a non-stationary signal 
(Huang et al., 1999). During the ten-year period of 2001-2011 in Gazipur, the LULC change 
detection using the MODIS data is shown in Figure 28. Sakamoto stated the effectiveness for 
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single and double cropping pattern in addition with the limit of the wavelet model can be tested in 
a new environment (Sakamoto et al., 2005). The cropping pattern changed in the Kaliganj sub- 
district; southeastern part of Gazipur from single to triple cropping pattern in Figure 28 (a) and 
Figure 28 (b). The annual change of NDVI in the Kaliganj sub-district is shown in Figure 28 (c). 
The frequency amplitude in Kaliganj is shown in Figure 28 (d), where the dominance of the single 
cropping pattern is indicated by the peak at f1 in 2001-2003. The change of NDVI shows the 
single cropping pattern in both Figure 28 (c) and Figure 28 (d), in the time period 2001-2003 
which was replaced with double to triple cropping pattern in the more recent period of 2011-2013. 
In MODIS vegetation index data sets; fourier analysis have been utilized for denoising and curve 
fitting (Colditz et al., 2007; Bruce et al., 2006; Yu et al., 2004; Wang et al., 2004). 
For the four districts of Pabna, Manikganj, Sherpur, and Sylhet during the period of 2011- 
2013, the annual variations of NDVI and its frequency amplitude are illustrated in Figure 30. In 
Figure 29 (a), the triple cropping pattern followed by double- and single- are found in Pabna. Both 
double- and triple- cropping patterns are located in Pabna Sadar (southwestern sub-district). The 
peak corresponding to single-cropping represents the growing stage of Aman rice, in the middle of 
August which is observed in Bera (eastern sub-district) (Shapla, et al., 2015b). All the three 
cropping patterns are found in Manikganj, Figure 29 (b). The single cropping peak is seen in 
Garpara, corresponding to the growth of Aman rice, in the middle of August, which is a union 
under the Manikganj Sadar sub-district. 
The time for the double peak is around March and October, observed in Saturia and Tilli 
which are within the Saturia sub-district. Single cropping is in Sreebardi (a peak in August 
indicating Aman), the double cropping in Sreebardi and Nakla (from mid-February to early April 
in the southeast), and triple pattern in Nalitabari (mid-May to early July in the northeast) found in 
Sherpur district. The single pattern is in Gowainghat (from early October to December), the 
double cropping in Horipur (included within Jaintiapur sub-district; late August to early October), 
and the triple pattern in Horipur (early October to mid-November) in Sylhet respectively. 
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Figure 28. Change detection from MODIS generated data Gazipur. Different colors indicate: 
white (paddy, single cropping), yellow (paddy, double), light blue (paddy, triple), maroon 
(homestead), black (urban), and dark maroon (forest), in (a) 2001 and (b) 2011. (c) Annual 
change in NDVI and (d) the corresponding frequency amplitude in Kaliganj sub-district of 
Gazipur. 
 
In this research, the red, green and blue shows 1, 2 and 3 frequency amplitude respectively. 
In the signal, the importance of every frequency is represented by the amplitude. In the original 
signal, the larger the amplitude the more explicit is the cycle. 
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Figure 29. Annual variation of NDVI and its frequency amplitude during the period of 2011- 2013 for 
the four districts of (a) Pabna, (b) Manikganj, (c) Sylhet, and (d) Sherpur. 
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Figure 30: Decision tree of vegetation and land-cover classification based on phenological metrics of 
MODIS 8-day NDVI time series data. 
 
The decision tree classification algorithm was used to classify the types of land cover (Friedl 
et al., 1997). The separability of four vegetation cover types with water and built-up areas were 
analyzed using phenological metrics, amplitude and phase of harmonic components. The figure 
illustrates that in general, when the maximum NDVI is more than 0.4 it leads to vegetation rather 
than non-vegetation (urban and water). In the case of urban, the NDVI is higher than water. Urban 
generally ranges from 0.3~0.4 which is less than the other categories. However, forest and paddy 
belongs to the vegetation category where the maximum frequency is observed as single, double 
and triple corresponding to f1, f2, and f3.  Nevertheless, in context of the duration, single peak 
frequency can be categorized as short (rice) or long (forest) in terms of vegetation (Figure 30). 
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Figure 31: Discrimination between paddy and forest utilizing MODIS data. 
 
 
Paddy was recognized by the height of the peak, which usually ranges from 0.6~0.8 and 
forms into either a single, double or triple curve (Figure 31). Based on crop phenology 
information using multi- temporal satellite data, if three crops were harvested in the triple-cropped 
irrigated rice system it should have three peaks in each year (Xin et al., 2002; Zhang et al., 2003; 
Wang et al., 2004; Sakamoto et al., 2005; Viña et al., 2008). Nevertheless, the forest was 
recognized by the height ranging from 0.8~0.9 that has a single peak as shown in Figure 31. 
Homestead was recognized by the mixture of paddy and forest. 
MODIS NDVI and EVI time series with the combination of Fourier transformation has 
widely been utilized for rangeland cover types, and croplands (Jakubauskas et al., 2002; Evans et 
al., 2006; Wardlow et al., 2007; Zhang M. et al., 2008; Wang et al., 2011, 2013; Grobler et al., 
2012). Moreover, some studies have utilized Fourier transform (Heggenstaller et al., 2008; 
Searchinger et al., 2013) with phenology retrieve metrics and then linked those metrics to climate 
data. Therefore, the FFT analysis was also helpful regarding the realization of these categories. 
Forest Paddy 
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This rice phenology based research will indicate information about agricultural response, from 
local to national changes, and contribute to the food security condition of Bangladesh. 
 
 
4.8 Interpretation of LULC change in relation to rice cultivation: 
 
In the five districts, the three types of rice cropping pattern (single, double and triple) are 
delineated in Figure 32. With the FFT analysis, the highest fraction among the pixels showing 
phenological changes is double cropping. A significant proportion (73%) is categorized as double 
cropping, especially in Pabna, although the fractions are slightly less than 50% in other four districts. 
According to Maclean et al., (2002) 50% is double cropping and 13% is triple cropping within the 
cropland in Bangladesh. 
Fertilizer requirements can be reduced by double cropping (Heggenstaller et al., 2008). For 
double cropping, the recent interest of both the economic and environmental concerns is being 
encouraged (Searchinger et al., 2013; Siebert et al., 2010). The double cropping areas are distributed 
within the floodplain of the Ganges River, the northern part (Bhangura and Faridpur) and eastern part 
(Bera) in Pabna. In the southwestern sub-district of Sherpur Sadar, the highest fraction of 27% is 
observed in Sherpur for triple cropping. 46% and 40% of rice cropping areas in Gazipur and 
Manikganj are single crop respectively. 
In context of single cropping areas in Manikganj, the northeastern part (Singair and Saturia) is 
concentrated whereas it is rather scattered in Gazipur. In line with the BBS report in 2011-2012 
(BBS, 2012), single, double and triple cropping fractions are 21%, 56% and 23% in Pabna, although 
the fractions are 59%, 32% and 9% in Sylhet, and 46%, 40%, and 14% in Dhaka accordingly. As per 
the FFT analysis, in Sylhet, even though double cropping (48%) outstrips single cropping (37%) these 
fractions are identical to the results (Figure 32). Within the growing season, double crop is more 
exposed towards weather and moisture differences, as a result yields can be variable (Burton et al., 
1996). Changes in double cropping can be made clear by climate differences in where double-
cropping is maintained with opportunities by regions with longer growing seasons (Shapiro et al., 
1992); and from selling a second product can save increased returns particularly (Beuerlein, 2001). 
With an average cropping intensity of 191%; 29%, 52%, and 19% of single, double and triple 
cropped areas are utilized in Bangladesh respectively (BBS, 2013). 
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Figure 32. Single, double and triple rice cropping pattern on a percentile basis for Pabna, 
Manikganj, Sherpur, Sylhet and Gazipur generated from MODIS data (2011-2013). 
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     4.9 Accuracy assessment and Influence of pixels: 
 
The accuracy from the MODIS outcome has been analyzed with the Google Earth image, 
obtained as Digital Globe imagery in the four districts of Pabna, Manikganj, Sherpur and Sylhet in 
2007 and 2010. For instance, correctly classified pixels are 401 (homestead) and 4179 (paddy), 
although 96 pixels in homestead (76 pixel in paddy) which were misclassified as paddy (homestead) in 
2001-2003 in Pabna concluding the kappa value to be 0.864. Nevertheless, during 2011-2013 most of 
the pixels that belong to homestead (496) and paddy (4255) are classified correctly leading to 0.999 
as the kappa value (Table 14). 
Table 14. Accuracy assessment for the MODIS classification in 2001-2011and 2011-2013. 
 
GR 2001-2003 
 
              2011-2013 
 
      Kappa       Kappa 
Pabna Homestead Paddy Water Total  value Pabna Homestea
d 
Paddy Water Total  value 
Homestead 401 96 0 497 
 
0.8640982 Homestead 496 1 0 497 
 
0.9993067 
Paddy 76 4179 0 4255   Paddy 0 4255 0 4255   
Water 22 0 304 326   Water 0 0 326 326   
 
Manikganj 
 
Homestead 
 
Paddy 
 
Water 
 
Total 
 Kappa 
value 
 
Manikganj 
 
Homestea
d 
 
Paddy 
 
Water 
 
Total 
 Kappa 
value 
Homestead 695 
0 0 
695 
 
1 Homestead 381 184 130 695 
 
0.7285086 
Paddy 0 2213 0 2213   Paddy 52 2161 0 2213   
Water 0 0 598 598   Forest 97 26 475 598   
 
Sherpur 
 
Homestead 
 
Paddy 
 
Forest 
 
Total 
 Kappa 
value 
 
Sherpur 
 
Homestea
d 
 
Paddy 
 
Forest 
 
Total 
 Kappa 
value 
Homestead 362 28 0 390 
 
0.9612153 Homestead 390 0 0 390 
 
1 
Paddy 3 1838 0 1841   Paddy 0 1841 0 1841   
Forest 0 2 137 139   Forest 0 0 139 139   
      
Kappa 
      
Kappa 
Sylhet Homestead Paddy Water Forest Total value Sylhet Homestea
d 
Paddy Water Forest Total value 
Homestead 252 31 0 30 313 0.8041789 Homestead 312 0 
 
1 313 0.9993935 
Paddy 100 834 15 8 957  Paddy 0 957 0 0 957  
Water 0 0 327 0 327  Water 0 0 327 0 327  
Forest 0 0 0 0   Forest 0   779 779  
 
Gazipur 
 
Homestead 
 
Paddy 
 
Forest 
 
Urban 
 
Total 
Kappa 
value 
 
Gazipur 
 
Homestea
d 
 
Paddy 
 
Forest 
 
Urban 
 
Total 
Kappa     
value 
Homestead 2760 119 0 0 2879 0.98181 Homestead 230
9 
388 173 9 2879 0.6558 
Paddy 0 2434 0 0 2434 
 
Paddy 48
6 
1864 0 84 2434 
 
Forest 0 0 1938 0 1938 
 
Forest 1034 0 904 0 1938 
 
Urban 0 0 0 1604 1604 
 
Urban 0 44 0 1560 1604 
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In the present classification results, the resulting kappa values are between 0.729 
(Manikganj 2011- 2013) and 1.00 (Manikganj 2001-2003 and Sherpur 2011-2013). From the 
MODIS (2011) and Landsat (2009) data, the accuracy of classification results obtained for 
Gazipur were compared. With the Google Earth imagery the pixel numbers were 8855 for MODIS 
and 4535 for Landsat. In 2011, homestead, paddy, forest, and urban areas in the MODIS result of 
Gazipur are found to be 55%, 36%, 5%, and 4%, respectively. In 2009, the fractions are 57%, 
37%, 3%, and 3%, for the Landsat result. In spite of the temporal difference of the two years, these 
results are fairly consistent.  
Re-sampling the MODIS image with the resolution of Landsat; construction of an 
accuracy table (Table 15) was done to further check the influence of the difference in the spatial 
resolution. Due to its higher resolution of 30 m Landsat has better results (Kappa = 0.82) than 
MODIS (Kappa = 0.65) as expected (Shapla et al., 2015b). Many objects are within a single 
MODIS pixel because of its coarse resolution of 250 m (Strahler et al., 1986; Wulder, 2004). In 
Bangladesh, paddy field size is less than 1 ha (Hossain and Narciso, 2004), therefore within the 
paddy field different land covers co-exist within the 250m resolution. Figure 33 is a detail view 
(resolution) based on Landsat and MODIS observation checked from Google Earth Imagery. In 
Joydebpur, examples of homestead areas and double rice cropping areas observed in the Gazipur 
Sadar sub-district is shown in Figure 34. Confirmation of the rice production conditions in these 
areas were done from September 2013 to January 2014 using the global positioning system (GPS). 
For validation of MODIS data due to its coarse resolution, Landsat 2009 result was chosen for its 
fine resolution in Gazipur, showing double cropping paddy field in Kaliakair (Figure 35). 
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Table 15. Accuracy table of re-sampled MODIS image with the resolution of Landsat. 
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Category Google Earth (30m) Landsat (2009) Google Earth (250m) MODIS (2011) 
 
 
 
 
 
Homestead 
 
 
 
 
 
 
 
 
 
 
 
Paddy 
 
 
 
 
 
 
 
 
 
 
Forest 
 
 
 
 
 
 
 
 
 
Urban 
 
 
 
 
 
 
 
Figure 33. Resolution of Landsat and MODIS observed in Google Earth Imagery. 
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Figure 34. Extensive field survey conducted in Gazipur Sadar (Joydebpur). 
 
 
 
Figure 35. Validation of MODIS data from Landsat 2009 in Gazipur (Kaliakair). 
Frequency analysis 
(FFT) 
MODIS Landsat 
Double crop 
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Chapter 5: Conclusion and Summary 
5.1 Conclusions: 
 
Accurate evaluation of paddy field and related land cover use is primarily important for 
monitoring food production conditions in Bangladesh. In this thesis, the combined use of Landsat and 
MODIS satellite data is demonstrated by analyzing satellite and related data for five rice-producing 
districts in the country. Landsat images in January, corresponding to relatively dry winter monsoon, 
was exploited for investigating land cover changes in Gazipur, a region in the neighborhood of the 
capital, during 2001, 2005 and 2009. The unsupervised classification, with the help of digital 
elevation model and detailed ground truth observations, indicates the increase in the land use of 
paddy field (7%) and homestead (2%). This change has occurred with the increase in the urban (2%) 
area as well as the decrease in forest (11%) land cover, which is an alarming trend in view of 
sustainable development. 
Furthermore, from the 8-day composite, cloud-free images of MODIS data, the normalized 
different vegetation index (NDVI) and its seasonal variation are analyzed for studying land cover 
change in the five districts during 2001-2003 and 2011-2013. In the ten year period, the significant 
changes found in the five districts are summed up as follows. In the northwestern area of Pabna, 
paddy dropped by around 10% (71% to 61%), because of the conversion of homestead. Similarly 
paddy was found (85% to 80%) in Sherpur in the mid-western part of the nation. In Manikganj, the 
relative portions of paddy (66%) and homestead (31%) remained almost the same even after ten 
years (64% and 33%). In Sylhet, the mid-eastern part, homestead (52%) and paddy (35%) were 
more or less unchanged (50% and 36%). Similarly homestead (56%) followed by paddy (32%) 
remained almost the same (55% and 36%), the small increase in paddy happened mainly in the 
forest coverage (11% to 5%) in Gazipur. In both Sylhet and Gazipur the dominance of homestead is 
detectable to the consequence of increasing population also economic pressure in the other two 
districts, comparable to the other three districts (Pabna, Manikganj, and Sherpur); population 
increase is moderate. 
In Gazipur, the frequency analysis of NDVI showed that single cropping is superior in terms 
of rice cropping pattern (46%). In Pabna, double cropping pattern is significant (73%). In Sherpur 
(27%), followed by Gazipur (20%) highest triple cropping was observed. 
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The increasing of the total production can be contributed by triple cropping even though water 
is the limiting factor with climatic and other factors. On regional and national levels, by utilizing 
satellite images for monitoring land use conditions and constant observation of rice or others, this 
research will be a useful foundation. In Bangladesh, for agricultural conditions and food security on 
the consequence of climate change in the future, continuing studies will implement wider areas with 
valuable knowledge. 
As a whole, this work has revealed that the combination of high- and moderate-resolution 
satellite data is useful for detailed and stable monitoring of agricultural land coverage even for a 
sub-tropical country such as Bangladesh. The knowledge obtained through this work will be useful 
for better management of agroforestry as it can enhance efficiency in the use of land as well as 
agricultural land in the country. 
 
5.2 Future recommendation: 
 
The future extension of this work consists of spatial extension, temporal extension and so 
forth. The high-resolution monitoring using Landsat and other new space-borne sensors would be 
useful for monitoring changes in various land cover types in Bangladesh, including rice paddy, 
homestead, forest (carbon sequestration), urban settlement, as well as water regions and mangrove 
areas. For the purpose of temporal extension, the use of MODIS and other environment monitoring 
satellites will lead to the understanding how the natural and social conditions change along with 
time. Changes in various environmental conditions will impact the living conditions of the local 
population, and such knowledge should be fully exploited for better planning toward the realization 
of long-term sustainability. Such long-term studies covering wider areas will provide valuable 
knowledge on the influence of climate change (flood, rainfall, temperature change etc.) on the 
agricultural conditions and food security in the country to maintain the better livelihood. 
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Appendix: 
 
   In the present work, the temporal change of NDVI has been analyzed for each pixel of satellite imagery to examine 
the phenological aspect of paddy fields. In this appendix, the mathematical basis has briefly been described for the 
Fourier transform in relation to FFT methodology. Mathematically, the Fourier transform of x(t), a variable given as a 
function of time, t, is given by 
 
     𝑋(𝑓) = ∫ 𝑥(𝑡)exp⁡[−𝑖(2𝜋𝑓𝑡)]
∞
−∞
𝑑𝑡,                             (1) 
Where i is the imaginary unit and f is the frequency. This equation transforms the pertinent information from the 
temporal space to frequency space. The inverse Fourier transform can be expressed as 
 
      𝑥(𝑡) = ∫ 𝑋(𝑓)exp⁡[𝑖(2𝜋𝑓𝑡)]
∞
−∞
𝑑𝑓.                           (2) 
 
In the discrete Fourier Transform (DTF), a series of signals, x(0), x(1), x(2), ... , x(N-1) that has a period of N is 
transformed into another discrete spectrum, X(0), X(1), X(2), ... , X(N-1), which also exhibits the same periodicity. 
The transformation from x to X can be written as  
 
        𝑋𝑘 = ∑ 𝑥𝑛𝑊
𝑘𝑛𝑁−1
𝑛=0 ,          (3) 
 
where W, called the “rotator”, is given as 
 
       𝑊 = exp (−𝑖
2𝜋
𝑁
) = cos (
2𝜋
𝑁
) − 𝑖 sin (
2𝜋
𝑁
).        (4) 
 
In this discrete case, the inverse transformation can be given as 
 
        𝑥𝑛 =
1
𝑁
∑ 𝑋𝑘𝑊
−𝑘𝑛𝑁−1
𝑘=0 .          (5) 
 
Using the matrix form, eq. (3) can be formulated as 
87 
      
 
 
     
[
 
 
 
 
 
𝑋0
𝑋1
𝑋2
𝑋3
⋮
𝑋𝑁−1]
 
 
 
 
 
=
[
 
 
 
 
 
𝑊0 𝑊0 𝑊0 ⋯ 𝑊0
𝑊0 𝑊1 𝑊2 ⋯ 𝑊𝑁−1
𝑊0 𝑊2 𝑊4 ⋯ 𝑊2(𝑁−1)
𝑊0 𝑊3 𝑊6 ⋯ 𝑊3(𝑁−1)
⋮ ⋮ ⋮ ⋱ ⋮
𝑊0 𝑊𝑁−1 𝑊2(𝑁−1) ⋯ 𝑊(𝑁−1)
2]
 
 
 
 
 
∙
[
 
 
 
 
 
𝑥0
𝑥1
𝑥2
𝑥3
⋮
𝑥𝑁−1]
 
 
 
 
 
             (6) 
 
Apparently, the rotator given by eq. (4) satisfies the following equations: 
 
 
     ⁡⁡𝑊𝑁 = exp(−2𝜋𝑖) = 1 ,⁡⁡⁡⁡⁡⁡𝑊𝑘+𝑁 =𝑊𝑘+2𝑁 = … = 𝑊𝑘.                     (7) 
 
 
Such a periodicity of W in terms of the exponent k indicates that W exhibits good symmetry on the complex plane. In 
the framework of the fast Fourier transform (FFT), this periodicity of W is fully exploited to reduce the number of 
multiplications, leading to a drastic reduction of computation time. 
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